REPORT  DOCUMENTATION  PAGE 


Form  Approved 
0MB  No.  074-0188 


PuWlc  repoftinfl  burden  for  this  collection  of  Information  is  estimated  to  average  1  hour  per  response,  induding  the  time  for  reviewing  Instructions,  searching  existing  data  sources,  gathering  and  maintaining 
the  data  needed,  and  coopleting  and  reviewing  this  collection  of  information.  Send  comments  regarding  this  burden  estimate  or  any  other  aspect  of  this  collection  of  infonietion.  induding  suggesUons  for 
redudng  tNs  burden  to  Washington  Headquarters  Services.  Directorate  for  Information  Operations  and  Reports,  1215  Jefferson  Davis  Highway,  Suite  1204,  Artington.  VA  22202-4302,  and  to  the  Office  of 
Management  and  Budget.  Papenivork  Reduction  Project  (0704-0188),  Washington.  DC  20503 


2.  REPORT  DATE 


1.  AGENCY  USE  ONLY  (Leave  blank) 


March  2003 


3.  REPORT  TYPE  AND  DATES  COVERED 

Annual  Summary  (15  Feb  02  -  14  Feb  03) 


4.  TITLE  AND  SUBTITLE  5.  FUNDING  NUMBERS 

Regulation  of  Sphingosine  Kinase  in  Prostate  DAMD17-02-1-0240 

Cancer  Cells 


6.  AUTHORS)  t 

Michael  W.  Maceyka,  Ph.D. 


20040223  127 


7.  PERFORMING  ORGANIZATION  NAME(S)  AND  ADDRESS(ES) 

Virginia  Commonwealth  University 
Richmond,  Virginia  23298-0568 

E-Mail:  niwmaceyka@vcu.edu 


9.  SPONSORING  /  MONITORING  AGENCY  NAME(S)  AND  ADDRESS(ES) 

U.S.  Army  Medical  Research  and  Materiel  Command 
Fort  Detrick,  Maryland  21702-5012 


8.  PERFORMING  ORGANIZATION 
REPORT  NUMBER 


10.  SPONSORING  /  MONITORING 
AGENCY  REPORT  NUMBER 


1 1 .  SUPPLEMENTARY  NOTES 

Original  contains  color  plates:  All  DTIC  reproductions  will  be  in  black  and  white. 


12a.  DISTRIBUTION  /  AVAILABILITY  STATEMENT 

Approved  for  Public  Release;  Distribution  Unlimited 


12b.  DISTRIBUTION  CODE 


13.  Abstract  (Maximum  200  Words)  (abstract  should  contain  no  proprietarv  or  confidential  information^ 

Sphingosine  kinase  1  (SphKl)  and  its  product  sphingosine  1-phosphate  (SIP)  have  been 
shown  to  promote  cell  growth  and  inhibit  apoptosis  of  tumor  cells  (reviewed  in  (1))* 
Moreover,  sphingosine  kinase  has  been  shown  to  be  responsible  for  radioresistance  of 

certain  prostate  cancer  cells  (2)  .  In  an  effort  to  understand  the  regulation  of  SphKl,  we 

undertook  a  two-hybrid  screen  for  SphKl-interacting  proteins.  We  found  eleven  potential 

interactors.  Over  the  course  of  the  report  period,  we  have  focused  our  efforts  on  one  of 
these  interactors,  aminoacylase  1  (Acyl) .  Acyl  is  a  metalloprotein  that  removes  amide- 
linked  acyl  groups  from  amino  acids,  and  may  play  a  role  in  regulating  oxidative  damage. 
We  have  shown  that  both  the  C-terminal  fragment  and  full  length  Acyl  co-immunoprecipitate 
with  SphKl.  Both  proteins  also  cause  a  redistribution  of  SphKl  as  observed  by 
immunocytochemistry .  Though  both  C-terminal  and  full  length  proteins  reduce  SphKl 
activity  measured  in  vitro,  the  C-terminal  fragment  inhibits  while  the  full  length 

potentiates  the  effects  of  SphKl  on  proliferation  and  apoptosis.  Thus,  full  length  Acyl 
physically  and  physiologically  interacts  with  SphKl.  Moreover,  the  dominant-negative 
activity  of  the  C-terminal  fragment  of  Acyl  may  suggest  potential  clinical  targets  for 
specific  inhibition  of  SphKl  activity. 


14.  SUBJECT  TERMS: 

sphingosine  kinase  1,  sphingosine  1-phosphate,  sphingosine, 
aminoacylase  1,  apoptosis 


15.  NUMBER  OF  PAGES 
9 


16.  PRICE  CODE 


17.  SECURITY  CLASSIFICATION  18.  SECURITY  CLASSIFICATION  19.  SECURITY  CUSSIFICATION 
OF  REPORT  OF  THIS  PAGE  OF  ABSTRACT 

Unclassified  Unclassified  Unclassified 


NSN  7540-01-280-5500 


20.  LIMITATION  OF  ABSTRACT 


Unlimited 


Standard  Form  298  (Rev.  2-89) 

Proscribed  by  ANSI  Std.  Z39-18 
298-102 


AD 


+ 


Award  Nuinber:  DAMD17- 02 -1-0240 

TITLE:  Regulation  of  Sphingosine  Kinase  in  Prostate  Cancer  Cells 

PRINCIPAL  INVESTIGATOR:  Michael  W.  Maceyka,  Ph.D. 

CONTRACTING  ORGANIZATION:  Virginia  Commonwealth  University 

Richmond,  Virginia  23298-0568 

REPORT  DATE:  March  2003 
TYPE  OF  REPORT:  Annual  Summary 


PREPARED  FOR:  U.S.  Army  Medical  Research  and  Materiel  Command 
Fort  Detrick,  Maryland  21702-5012 


DISTRIBUTION  STATEMENT:  Approved  for  Public  Release; 

Distribution  Unlimited 


The  views,  opinions  and/or  f indirigs  contained  in  this  report  are 
those  of  the  author (s)  and  should  not  be  construed  as  an  official 
Department  of  the  Army  position,  policy  or  decision  unless  so 
designated  by  other  documentation. 


Table  of  Contents 


Cover . 1 

SF  298 . 2 

Table  of  Contents . 3 

introduction . 4 

Updated  Results . 4 

Key  Research  Accomplishments . 6 

Reportable  Outcomes . 6 

Conclusions . 7 

References . 7 

Appendices . 9 


3 


Introduction 

Sphingolipids  are  ubiquitous  constituents  of  eukaryotic  membranes  characterized  by  the  presence  of  an 
acylated  sphingoid  base,  ceramide  (Cer).  Cer  and  its  further  metabolites  sphingosine  (Sph)  and  Sph-1- 
phosphate  (SIP)  are  now  recognized  as  potent  bioactive  molecules.  In  many  cell  types,  increased  Cer  and  Sph 
levels  lead  to  cell  growth  arrest  and  apoptosis  (reviewed  in  (1,  3,  4)).  Conversely,  SIP  promotes  cell  growth 
and  inhibits  apoptosis  (reviewed  in  (1,  5,  6)).  Cells  contain  signal-regulated  enzymes  that  can  interconvert  Cer, 
Sph,  and  SIP.  Thus,  conversion  of  Cer  and  Sph  to  SIP  simultaneously  removes  pro-apoptotic  signals  and 
creates  a  survival  signal,  and  vice  versa.  This  led  to  the  proposal  of  a  “sphingolipid  rheostat”  as  a  factor 
determining  cell  fate  (7).  According  to  this  hypothesis,  it  is  not  the  absolute  levels  but  the  relative  amounts  of 
these  antagonistic  metabolites  that  determines  cell  fate.  In  agreement,  it  has  been  shown  that  increased  SIP 
protects  against  Cer-induced  apoptosis,  and  depletion  of  SIP  enhances  Cer-induced  apoptosis  (7-10). 

There  are  a  number  of  agonists,  especially  growth  and  survival  factors,  that  have  been  reported  to 
increase  SphK  activity,  including  ligands  for  G-protein  coupled  receptors  (GPCRs)  (11-13)  and  growth  factor 
receptors  (8,  14,  15).  Activation  of  SphK  is  required  for  at  least  some  of  the  signaling  effects  observed. 
Requirement  for  SphK  activation  was  typically  based  on  the  ability  of  inhibitors  of  SphK,  including  dominant 
negative  SphKl  (16),  to  block  agonist-induced  effects  and/or  the  ability  of  exogenously  added  SIP  or  a 
precursor  to  bypass  the  agonist.  While  many  early  studies  suggested  a  role  for  SIP  as  an  intracellular  second 
messenger,  it  was  later  demonstrated  that  SIP  is  also  a  ligand  for  a  family  of  GPCRs  (reviewed  in  (17)). 
Complicating  matters,  there  is  growing  evidence  that  agonist-induced  SphK  activation  leads  to  SIP  secretion 
(18, 19)  and  autocrine  and/or  paracrine  signaling  to  the  cell  surface  SIP  receptors  (20, 21). 

SphKl  and  SIP  have  been  linked  to  growth,  metastasis,  and  radio-  and  chemotherapy  resistance  of 
tumors,  including  prostate  tumors  (reviewed  in  (1)).  For  example,  it  was  shown  that  in  radiation  sensitive 
prostate  cancer  cells,  y-irradiation  reduces  SphKl  activity,  leading  to  increased  Cer  and  Sph  levels  and 
subsequent  apoptosis.  However,  radiation-resistant  prostate  cancer  cells  showed  no  change  in  SphK  activity  or 
Cer  levels.  Furthermore,  inhibitors  of  SphK  sensitized  these  cells  to  y-irradiation,  demonstrating  a  role  for 
SphK  in  prostate  tumor  radiation  resistance  (2). 

In  order  to  better  understand  the  regulation  and  activation  of  SphKl,  we  had  performed  a  two-hybrid 
screen  for  protein  interactors  of  SphKl .  In  the  initial  proposal,  we  set  out  to  characterize  several  of  these 
interactors  and  their  potential  physiological  influence  on  SphKl.  Here  we  report  our  results  investigating  one 
of  these  interactors,  aminoacylase  1  (Acyl). 

Updated  Results 

SAGE  analysis  (http://www.ncbi.nlm.nih.gov/SAGE/)  reveals  that  the  expression  of  Acyl  is  down 
regulated  upon  androgen  treatment  of  prostate  cancer  cells.  This  protein  has  been  characterized  as  a  cytosolic 
enzyme  of  amino  acid  salvage  (22),  catalyzing  the  hydrolysis  of  amide-linked  acyl  chains  of  amino  acids. 
Because  the  two-hybrid  screen  yielded  only  C-terminal  third  of  Acyl,  we  cloned  by  PCR  the  full  length  protein 
from  a  mouse  kidney  cDNA  library  and  inserted  a  V5  epitope  tag  (Task  Id;  data  not  shown).  We  then 
expressed  both  proteins  in  HEK  293  cells  and  determined  that  full  length  Acyl,  like  the  C-terminal  fragment 
from  the  two-hybrid  screen,  co-immunoprecipitated  with  SphKl  (Task  lc,d;  figure  1).  We  then  expressed  this 
construct  in  HEK  293  cells  to  see  if  it  altered  the  properties  of  SphKl .  SphK  assays  were  performed  on  extracts 
of  HEK  293  cells  expressing  either  vector  or  SphKl  and  either  vector,  the  C-terminal  fragment  of  Acyl  or  full 
length  Acyl  (Task  le  figure  2a).  Interestingly,  expression  of  either  construct  slightly  decreased  SphKl  activity 
measured  in  vitro.  We  then  checked  the  localization  of  the  SphKl  and  Acyl  by  western  analysis  (figure  2b). 
The  extracts  were  separated  into  three  fractions:  cytosolic  (Cy),  Triton  X-100  soluble  membranes  (TS),  and 
Triton  X-100  resistant  membranes  (TI).  Interestingly,  when  co-expressed  with  Acyl,  a  portion  of  SphKl 
shifted  from  the  cytosol  to  the  Triton  X-100  soluble  membranes. 

These  results  also  suggested  that  SphKl  and  Acyl  physically  interact  in  vivo.  Thus  we  looked  at  the 
localization  of  both  proteins  by  immimocytochemistry.  Acyl,  SphKl,  or  both  were  expressed  in  Cos  7  cells 
and  stained  with  the  corresponding  epitope  tags  (Task  lc,d;  figure  1).  When  expressed  alone.  Acyl  had  a 
diffuse  cytosolic  staining  as  predicted  from  the  literature  and  fractionation  data  (figure  2b).  When  SphKl  was 
expressed  alone,  it  also  showed  a  diffuse  cytosolic  expression  pattern  with  dispersed  punctate  staining  as 
reported  previously  (23).  However,  when  the  two  proteins  were  expressed  together,  we  observed  not  only  co- 
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•  -  localization  of  the  two  proteins  but  also  the  appearance  of  tubular  structures,  likely  membraneous  (figure  3, 
Apnendixl. 


Figure  1:  SphKl  co-immunoprecipitates  Acyl.  HEK  ceils  were 
transfected  with  V5-Acyl  and  either  vector  or  myc-SphKl  using 
Lipofectamine  Plus  (Invitrogen)  as  per  manufactures  instructions. 
Lysates  were  prepared  and  immunoprecipitated  with  anti-myc  (SphKl) 
antibodies.  The  immimoprecipitates  were  washed  and  resolved  by  SDS- 
PAGE.  The  gel  was  blotted  to  nitrocellulose  and  probed  with  anti-V5 
(Acyl).  Only  when  myc-SphKl  is  present  is  Acyl  detected  in  the 
immunoprecipitation  lane. 


2  A)  2000  -| 

Figure  2:  ACYl  alters  the 
subcellular  localization  of  SphKl. 

(A) .  HEK-293  cells  were  transfected 
with  vector  or  SphKl  and  either 
vector,  the  C-terminal  fragment  of 
Acyl,  or  full  length.  Lysates  were 
then  prepared  and  assayed  as 
described  for  SphKl  activity  (23). 

(B) .  HEK-293  cells  were  transfected 
with  vector,  myc-SphKl,  and/or  V5- 
ACYl.  Cells  were  then  fractionated 
as  into  cytosolic  (Cy),  1%  Triton  X- 
100  soluble  membranes  (TS),  and 
1%  Triton  X-100  insoluble 
membranes  (TI).  Westerns  were 
then  performed  to  determine  the 
relative  distribution  of  SphKl  in 
these  fractions. 


Acyl  has  a  neutral  pH  optimum  and  has  been  shown  to  catalyze  the  reverse  reaction,  the  addition  of 
amide-linked  acyl  chains  in  a  CoA-independent  manner  (24).  All  of  these  properties  are  similar  to  the  purified 
cytosolic  ceramidase  activities  (25).  Because  the  product  of  ceramidase,  Sph,  is  a  substrate  for  SphKl,  we 
hypothesized  that  Acyl  might  be  a  ceramidase.  Interaction  of  a  ceramidase  and  an  SphK  would  be  a  convenient 
way  to  coordinately  regulate  the  enzymes.  To  test  this  hypothesis  (Task  2d),  I  performed  the  standard  SphKl 
assay  in  cell  extracts  overexpressing  both  SphKl  and  Acyl  under  conditions  reported  to  be  favorable  for  the 
activity  of  both  enzymes.  However,  instead  of  using  Sph  as  a  substrate,  I  used  Cer,  reasoning  that  if  Acyl  were 
a  ceramidase,  it  would  generate  Sph  that  SphKl  would  phosphorylate.  However,  the  assays  showed  no  increase 
in  SIP  in  extracts  expressing  both  SphKl  and  Acyl  versus  SphKl  alone  (data  not  shown). 

Still,  the  above  results  demonstrate  that  Acyl  and  SphKl  physically  interact.  Therefore  we  next  tested 
whether  Acyl  physiologically  interacted  with  SphKl.  It  is  known  that  SphKl  over-expression  promotes  cell 
growth  and  transition  through  the  cell  cycle  (23).  We  performed  MTT  assays  of  cell  growth  in  NIH  3T3 
fibroblasts  expressing  either  vector  or  SphKl  and  either  vector,  the  C-terminal  fragment  of  Acyl  or  fiill  length 
Acyl  (Task  2c).  We  included  the  fragment  because  of  the  possibility  that  it  may  act  as  a  dominant  negative 
inhibitor  of  Sphkl:  the  C-terminal  fragment  of  Acyl  binds  SphKl  but  lacks  residues  critical  for  Zn  binding, 
which  is  known  to  be  necessary  for  Acyl  activity  (26).  And  in  fact,  this  is  just  what  we  observed.  SphKl  alone 
increased  the  growth  of  cells  relative  to  vector  (figure  4),  while  the  C-terminal  fragment  blocked  this  effect. 
Moreover,  expression  of  fiill  length  Acyl  enhanced  the  SphKl  effect  on  the  growth  rate  of  cells.  These  data 
suggest  that  Acyl  and  SphKl  work  together  to  promote  cell  growth,  and  that  the  C-terminal  fragment  of  Acyl, 
acts  as  a  dominant  negative  regulator  of  SphKl  activity  on  cell  growth. 
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Figure  4:  Acyl  potentiates  while  the 
C-terminal  fragment  attenuates 
SphKl-induced  cell  growth.  NIH 

3T3  fibroblasts  were  plated  at  equal 
numbers  and  transfected  with  the 
indicated  plasmids.  48  h  later  the  cells 
were  assayed  for  reduction  of  MTT,  a 
measure  of  cell  growth,  using  the 
MTT  assay  kit  from  Calbiochem  as 
per  manufactures  instructions 
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Another  well  characterized  effect  of  SphKl  is  the  protection  it  provides  against  apoptosis  (7).  We 
therefore  investigated  possible  role  of  Acyl  in  SphKl-induced  protection  from  apoptosis  in  a  serum-deprivation 
model  in  NIH  3T3  cells  (23).  Cells  were  again  transfected  with  either  vector  or  SphKl  and  either  vector,  the  C- 
terminal  fragment  of  Acyl  or  full  length  Acyl  (Task  2c).  Cells  were  then  dq)rived  of  serum  for  24  h  and  the 
amount  of  apoptosis  assessed  by  observation  of  nuclear  condensation  and  fragmentation  (figure  5).  As 
expected,  SphKl  protected  cells  from  apoptosis.  Full  length  Acyl  slightly  potentiated  the  SphKl -protection. 
Strikingly,  the  C-terminal  fragment  of  Acyl  had  little  effect  on  apoptosis  alone  but  almost  completely  blocked 
the  ability  of  SphKl  to  protect  against  apoptosis.  These  results  further  substantiate  a  role  for  Acyl  in  the 
regulating  the  physiological  activities  SphKl  and  again  demonstrate  that  the  C-terminal  fragment  of  Acyl  acts 
as  a  dominant  regulator  of  SphKl . 


Figure  5:  Acyl  potentiates  while  the  C- 
terminal  fragment  attenuates  SphKl 
protection  from  apoptosis.  NIH  3T3 
fibroblasts  were  plated  at  equal  numbers  and 
transfected  with  the  indicated  plasmids.  24  h 
later  the  cells  were  starved  for  serum  for  an 
additional  24  h.  After  that  time,  they  were 
fixed  on  the  dish  and  the  nuclear  condensation 
and  fragmentation  was  assessed  using  Hoechst 
dye.  At  least  300  cells  were  counted  for  each 
transfectant. 
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Key  Research  Results 

-  SphKl  physically  interacts  with  both  the  C-terminus  of  Acyl  as  well  as  full  length. 

-  Acyl  alters  the  intracellular  distribution  of  SphKl . 

-  Acyl  potentiates  SphKl  stimulation  of  cell  growth  and  inhibition  of  apoptosis. 

-  The  C-terminus  of  Acyl  acts  as  a  dominant  negative  inhibitor  of  SphKl  -induced  cell  growth  and 
inhibition  of  apoptosis. 


Reportable  Outcomes 

-  Speaker,  37“'  Annual  Southeastern  Regional  Lipid  Conference.  Cashier,  NC,  Nov.  6-8, 2003. 


6 


“Sphingosine  Kinase  1  interacting  proteins  modulate  its  growth-promoting  and  anti-apoptotic 
effects.” 

-  Presenter,  2002  Daniel  T.  Watts  Research  Symposium.  Richmond,  VA,  Oct.l4, 2002. 
“Aminoacylase  1  Interacts  with  Sphingosine  Kinase  1  to  Modulate  Its  Growth-Promoting  and  Anti- 
Apoptotic  Effects.” 

-  Invited  Speaker,  Lipid  Signalling:  Cellular  Events  and  Their  Biophysical  Mechanisms.  Madrid, 
Spain,  May  20-22, 2003. 

“Sphingosine- 1 -Phosphate,  an  Important  Lipid  Mediator.” 

Conclusion 

The  data  accumulated  over  the  period  covered  in  the  first  reporting  period  strongly  suggests  that  SphKl 
physically  interacts  with  the  C-terminal  third  of  Acyl.  Moreover,  the  Acyl  physiologically  interacts  with 
SphKl,  regulating  both  its  pro-growth  and  anti-apoptotic  effects.  While  it  is  still  formally  possible  that  SphKl 
and  Acyl  act  in  parallel  growth-promoting  and  apoptosis-inhibiting  pathways,  the  weight  of  the  data  showing 
that  the  proteins  physically  interact  and  that  Acyl  effects  two  independent  effects  of  SphKl  strongly  suggests 
that  Acyl  is  a  bona  fide  physiological  regulator  of  SphKl .  These  results  also  suggest  that  the  C-terminus  of 
Acyl  acts  as  a  dominant  negative  inhibitor  of  SphKl -induced  cell  growth  and  inhibition  of  apoptosis.  Thus, 
finther  characterization  of  the  SphKl -Acyl  interface  may  provide  a  target  for  inhibition  of  the  tumor  promoting 
activities  of  SphKl . 

References 

1 .  Maceyka,  M.,  et  al.,  Sphingosine  kinase,  sphingosine-l-phosphate,  and  apoptosis.  Biochim  Biophys  Acta,  2002. 1585(2-3): 
p.  193-201. 

2.  Nava,  V.E.,  et  al.,  Sphingosine  enhances  apoptosis  of  radiation-resistant  prostate  cancer  cells.  Cancer  Res.,  2000. 60(16):  p. 
4468-4474. 

3.  Hannun,  Y.A.  and  C.  Luberto,  Ceramide  in  the  eukaryotic  stress  response.  Trends  Cell  Biol.,  2000. 10(2):  p.  73-80. 

4.  Kolesnick,  R.  and  Y.A.  Hannun,  Ceramide  and  apoptosis.  Trends  Biochem.  Sci.,  1999. 24(6):  p.  224-225. 

5.  Spiegel,  S.  and  S.  Milstien,  Sphingosine-l-phosphate:  signaling  inside  and  out.  FEBS  Lett.,  2000. 476(1-2):  p.  55-67. 

6.  Pyne,  S.  and  N.J.  Pyne,  Sphingosine  1-phosphate  signalling  in  mammalian  cells.  Biochem.  J.,  2000. 349(Pt  2):  p.  385-402. 

7.  Cuvillier,  O.,  et  al..  Suppression  of  ceramide-mediated programmed  cell  death  by  sphingosine-l-phosphate.  Nature,  1996. 

381:  p.  800-803. 

8.  Edsall,  L.C.,  G.G.  Pirianov,  and  S.  Spiegel,  Involvement  of sphingosine  1-phosphate  in  nerve  growth  factor-mediated 
neuronal  survival  and  differentiation.  J.  Neurosci.,  1997. 17(18):  p.  6952-6960. 

9.  Cuvillier,  O.,  et  al.,  Sphingosine  1 -phosphate  inhibits  activation  of  caspases  that  cleave poly(ADP-ribose)  polymerase  and 
lamins  during  Fas-  and  ceramide-  mediated  apoptosis  inJurkat  T lymphocytes.  J.  Biol.  Chem.,  1998.  273(5):  p.  2910-2916. 

10.  Xia,  P.,  et  al..  Activation  of  sphingosine  kinase  by  tumor  necrosis  factor-alpha  inhibits  apoptosis  in  human  endothelial  cells. 

J.  Biol.  Chem.,  1999. 274(48):  p.  34499-34505. 

1 1 .  Meyer  zu  Heringdorf,  D.,  et  al.,  Sphingosine  kinase-mediated  Ca^*  signalling  by  G-protein-coupled  receptors.  EMBO  J., 

1998. 17(10):  p.  2830-2837. 

12.  van  Koppen,  C.J.,  et  al.,  Sphingosine  kinase-mediated  calcium  signaling  by  muscarinic  acetylcholine  receptors.  Life  Sci., 

2001.  68(22-23):  p.  2535-2540. 

13.  Young,  K.W.,  et  al.,  Lysophosphatidic  acid-induced  Ca2+  mobilization  requires  intracellular  sphingosine  1-phosphate 
production.  Potential  involvement  of  endogenous  EDG-4  receptors.  J.  Biol.  Chem.,  2000. 275(49):  p.  38532-38539. 

14.  Olivera,  A.  and  S.  Spiegel,  Sphingosine-l-phosphate  as  a  second  messenger  in  cell  proliferation  induced  by  PDGF  and  FCS 
mitogens.  Nature,  1993. 365:  p.  557-560. 

15.  Meyer  zu  Heringdorf,  D.,  et  al..  Role  of sphingosine  kinase  in  Ctf*  signalling  by  epidermal  growth  factor  receptor.  FEBS 
Lett.,  1999. 461(3):  p.  217-222. 

16.  Pitson,  S.M.,  et  al..  Expression  of  a  catalytically  inactive  sphingosine  kinase  mutant  blocks  agonist-induced  sphingosine 
kinase  activation:  a  dominant  negative  sphingosine  kinase.  J.  Biol.  Chem.,  2000.  275:  p.  33945-33950. 

17.  Hla,  T.,  Sphingosine  1-phosphate  receptors.  Prostaglandins,  2001. 64(1-4):  p.  135-142. 

18.  Vaim,  L.R.,  et  al..  Involvement  of  sphingosine  kinase  in  TNF-alpha-stimulated  tetrahydrobiopterin  biosynthesis  in  C6  glioma 
cells.  J.  Biol.  Chem.,  2002.  277(15):  p.  12649-12656. 

19.  Johnson,  K.R.,  et  al.,  PKC-dependent  activation  of sphingosine  kinase  1  and  translocation  to  the  plasma  membrane. 
Extracellular  release  of  sphingosine-l-phosphate  induced  by  phorbol  12-myristate  13-acetate  (PMA).  J.  Biol.  Chem.,  2002. 
277(38):  p.  35257-35262. 

20.  Hobson,  J.F.,eta\.,  Role  of  the  sphingosine-l-phosphate  receptor  EDG-1  in  PDGF-induced  cell  motility.  Science,  2001.  291: 
p.  1800-1803. 

21.  Rosenfeldt,  H.M.,  et  al.,  EDG-J  links  the  PDGF  receptor  to  Src  and  focal  adhesion  kinase  activation  leading  to  lamellipodia 
formation  and  cell  migration.  FASEB  J.,  2001. 15:  p.  2649-2659. 


7 


22.  Giardina,  T.,  et  al..  Distribution  and  subcellular  localization  of  acylpeptide  hydrolase  and  acylase  I  along  the  hog  gastro¬ 
intestinal  tract  Biochimie,  1999.  81(11):  p.  1049-1055. 

23.  Olivera,  A.,  et  al.,  Sphingosine  kinase  expression  increases  intracellular  sphingosine-1 -phosphate  and  promotes  cell  growth 
and  survival  J.  Cell  Biol,  1999. 147:  p.  545-558. 

24.  Lindner,  H.,  et  al..  The  distribution  of  aminoacylase  I  among  mammalian  species  and  localization  of  the  enzyme  in  porcine 
kidney.  Biochimie,  2000.  82(2):  p.  129-137. 

25.  Tani,  M.,  et  al,  Purification  and  characterization  of  a  neutral  ceramidase  from  mouse  liver.  A  single  protein  catalyzes  the 
reversible  reaction  in  which  ceramide  is  both  hydrolyzed  and  synthesized.  J  Biol  Chem,  2000.  275(5):  p.  3462-8. 

26.  Lindner,  H.,  et  al..  Mutational  analysis  of  two  PWW  sequence  motifs  in  human  aminoacylase  1.  Biol  Chem,  2000. 381(1 1):  p. 
1055-61. 


8 


6 


n  0) 
O  00 

"I 

S I 

CU  o 
^  o 
o 

O 

A  S 

o  ^ 

‘■§1 

a  t3 

•s  s 

"O  .& 

«  i-i 

5  cd 

g«  > 

l-S 


'O 

a> 

XJ 

PQ  g 
> 


O 


c5  ^ 


CO  tin  Cj  <J 

:=j  Pu  B  w 


CO 

o 

:S 


<N 


a  iS  -a  o  ^ 


*  M 

^  I 

-«>;  is 

..  u 

2  ^ 

S  w 

DC  p::^ 

(D 

fe  o 


o 

Xi 

O 


a 

a> 

^  H 

<  ^  fab 
o  o 

o  ^ 

£  _ 

co-^^ 

.2  «'i 

'H  §1 

1  “  I 

s  (D 

w  (3J0 

^  li 

■g  ’5- 

2 

&Q  W 

S  a  ® 


g  q 

I  ^ 

S 

Oh 
Oh  03 


e  £? 

v  u 

^  s 

2  cd 
O  zn 

•a  S  O 

■*■►  &  Q> 

CO  9>  w) 
*0  nD  ^ 


a 

TJ 

o 


IS 


